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SCANNING MICROSCOPE WITH EVANESCENT WAVE ILLUMINATION 

[0001] The present invention relates to a scanning microscope. 

[0002] In scanning microscopy, a sample is illuminated with a light beam in order to 
observe the detection light emitted, as reflected or fluorescent light, from the sample. The 
focus of an illuminating light beam is moved in a sample plane using a controllable beam 
deflection device, generally by tilting two mirrors; the deflection axes usually being 
perpendicular to one another so that one mirror deflects in the x-direction and the other in the 
y-direction. Tilting of the mirrors is brought about, for example, by galvanometer positioning 
elements. The power of the detection light coming from the sample is measured as a function 
of the position of the scanning beam. The positioning elements are usually equipped with 
sensors to determine the current mirror position. In confocal scanning microscopy 
specifically, a sample is scanned in three dimensions with the focus of a light beam. 



[0003] A confocal scanning microscope generally includes a light source, a focusing optical 
system used to focus the light of the source onto a pinhole (called the "excitation pinhole"), a 
beam splitter, a beam deflection device for hoam control, a microscope optical system, a 
detection pinhole, and the detectors for detecting the detection or fluorescent light. The 
illuminating light is coupled in via a beam splitter. The fluorescent or reflected light coming 
from the sample travels back via the beam deflection device to the beam splitter, passes 
through it, and is then focused onto the detection pinhole behind which the detectors are 
located. This detection arrangement is called a "descan" arrangement. Detection light that 
does not derive directly from the focus region takes a different light path and does not pass 
through the detection pinhole, so that point information is obtained which, by sequentied 
scaiming of the sample with the focus of the illuminating light beam, results in a three- 
dimensional image. A three-dimensional image is usually achieved by acquiring image data in 
layers. 



[0004] United States Patent Application US 2002/0097489 Al describes a microscope 
providing evanescent wave illumination of a sample. The microscope contains a white light 
source, whose light passes through a slit aperture and the microscope objective and is coupled 
into the sample-carrying slide to provide evanescent wave illxraiination. The illuminating light 
propagates in the slide by total internal reflection, the illumination of the sample occurring 
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only in the area of the evanescent field protruding from the slide. Microscopes of this type are 
known by the term TIRFM (Total Internal Reflection Fluorescent Microscope). 

[0005] The z-resolution of TIRF microscopes is extremely good because the evanescent 
field extends only about 100 nm into the sample. 

[0006] It is an object of the present invention to provide a scanning microscope with which 
the advantages of both evanescent wave illxmiination and scanning microscopy can be used. 

[0007] This object is achieved by a scanning microscope having a light source which 
evanescently illuminates a sample placed on a slide, fiirther having a point detector which 
receives detection light emanating fi-om a scanning point of the sample, and fiirther having a 
beam deflection device disposed in the optical path of the detection light for shifting the 
position of the scanning point in the sample. 

[0008] The present invention has the advantage that it enables two-dimensional or three- 
dimensional scanning of the sample and provides highly increased resolution in the z- 
direction. 

[0009] Scanning of the sample in the lateral directions (xy-directions) is accomplished using 
the beam deflection device disposed in the optical path of the detection light. Scanning of the 
sample in the axial direction (z-direction) can be done by adjusting the relative distance 
between the sample and the objective lens. To this end, it is possible either to place the 
sample on a height-adjustable stage, or to use an objective lens that is adjustable in the z- 
direction. 

[0010] The illuminating light can preferably be coupled into the cover slip of the sample 
through the objective lens of the scanning microscope. In another variant, the illimiinating 
light is coupled into the slide through the condenser of the scanning microscope. In yet 
another variant, neither the objective lens nor the condenser is used to couple light into the 
slide, but, for example, a prism is used instead. 

[001 1] The illuminating light is preferably passes through the outer edge region of the pupil 
of the objective lens to ensure that the critical angle of total reflection is reached in the cover 
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slip. Preferably, the illuminating light is formed into an illuminating light beam which is 
preferably focused in the plane of the objective pupil. The illuminating light beam can remain 
stationary during the examination of a sample. In a particularly preferred variant, the 
illuminating hght beam can be swept in circles through the outer region of the objective pupil 
using an additional beam deflection device. Particularly advantageously, a very homogenous 
and uniform illumination is achieved in this manner. 

[0012] Preferably, the objective lens has a numerical aperture greater than 1.3, and 
particularly advantageously between 1.35 and 1.42. 

[0013] In one preferred embodiment, a color-selective segmented aperture is located in the 
optical path of the illvuninating light, preferably in the plane of the objective pupil The 
optical properties in the outer edge region of the color-selective segmented aperture are 
different from those in the inner region thereof. Preferably, the outer edge region of the color- 
selective segmented aperture is transparent to light having the wavelength of the illuminating 
light, while the inner region is transparent only to light having a wavelength greater than that 
of the illuminating light. This embodiment variant is preferable especially for fluorescence 
applications, where the wavelength of the detection light is, by nature, greater than the 
wavelength of the illuminating light. 

[0014] In another variant, the inner region of the color-selective segmented aperture is 
transparent only to light having a wavelength below that of the illuminating light. This variant 
is suitable especially for multiphoton excitation of the sample. In this case, the illuminating 
light is preferably pulsed infrared light. 

[0015] The color-selective segmented aperture prevents illuminating light from passing 
tlirough the objective lens outside the outer edge region and directly illuminating the sample. 

[0016] In a very particularly preferred embodiment variant, the illuminating light includes a 
plurahty of wavelengths. In this variant, for example, a plurality of different sample dyes can 
be optically excited simultaneously. 

[0017] The point detector preferably contains a detection pinhole located in a plane 
conjugate to the focal plane of the objective lens. The spatial positions of the scanning points 
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from where the point detector can receive detection light are determined by the position of the 
detection pinhole and the position of the beam deflection device. 

[0018] In a preferred variant, the point detector includes a multi-band detector or a 
spectrometer, which makes it possible to obtain spectral point information from the sample. 
This embodiment variant is particularly advantageous when combined with multicolor 
illumination. 

[0019] The scanning microscope of the present invention can additionally be configured as a 
confocal scanning microscope, thereby enabling confocal examination of the sample through 
the iimer region of the color-selective segmented aperture while at the same time allowing 
TIRF illimunation through the outer region of the color-selective segmented aperture. 

[0020] Imaging optics, preferably a Bertrand lens, is provided in the optical path of the 
illuminating Ught in order to focus the illuminating light beam in the plane of the objective 
pupil. 

[0021] In a very particularly preferred embodiment, the light path of the detection light 
includes a plurality of detection chaimels, which may each have a bandpass filter provided 
therein. 

[0022] The subject matter of the invention is schematically illustrated in the drawings and 
will be described below with reference to the Figures, wherein like elements are designated 
by like numerals and, wherein: 

[0023] FIG. 1 shows a scanning microscope according to the present invention; 
[0024] FIG. 2 depicts a color-selective segmented aperture; 

[0025] FIG. 3 shows another scanning microscope according to the present invention; and 
[0026] FIG. 4 shows a further scanning microscope according to the present invention. 
[0027] FIG. 1 shows a scanning microscope according to the present invention, having a 
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light source 1 in the form of an argon ion laser 3. Light source 1 generates an illuminating 
Ught beam 5, which is reflected by a beam splitter 7 toward objective lens 9. Illuminating 
light beam 5 passes through the outer edge region of the objective pupil 11, as indicated by 
double arrow 24, and is coupled into cover slip 13 of sample 15 to provide evanescent wave 
illumination. Disposed in the optical path of illuminating hght beam 5 is imaging optics 19, 
which takes the form of a Bertrand lens 17 and forms a focus in the plane of objective pupil 
11. An additional beam deflection device 21 containing a gimbal-mounted scanning mirror 
(not shown) is also located in the optical path of illuminating light beam 5. The additional 
beam deflection device sweeps the focus of the illuminating light beam continuously in 
circles through the outer edge region of objective pupil 11, whereby a particularly 
homogenous evanescent wave illumination is achieved. Color-selective segmented aperture 
23, which is depicted in FIG. 2, is disposed in the plane of objective pupil 11. Color-selective 
segmented aperture 23 has an outer edge region 25, which is transparent to the illuminating 
light, as well as an inner region 27, which is transparent to light having a wavelength greater 
than that of the illuminating light. Detection light 51 emanating from the sample travels 
through the objective lens and the iimer region of the color-selective segmented aperture to 
beam splitter 7, passes through it, and reaches point detector 33 via beam deflection device 
29, which contains a gimbal-mounted scanning mirror 31. Point detector 33 contains a 
detection pinhole 35, whose spatial position in conjunction with the position of gimbal- 
moimted scanning mirror 3 1 determines the position of the scanning point in the sample, from 
where point detector 33 receives detection light 51. Point detector 33 includes a multi-band 
detector 36, which is capable of simultaneously receiving light in a plurality of settable 
wavelength bands. The illuminating light beam of argon ion laser 3 includes illuminating light 
of a plurality of wavelengths, which allows multicolor excitation of the sample. 

[0028] FIG. 3 shows another scanning microscope according to the present invention, in 
which confocal examination of a sample can be carried out simultaneously with the TIRF 
examination. This scanning microscope contains an additional light source 37, which takes 
the form of a pulsed titanium-sapphire laser 39 and emits an additional illuminating light 
beam 41. Additional illuminating light beam 41 passes through a second beam splitter 43, 
beam deflection device 29, and through beam splitter 7 and a third beam splitter 45 to objetive 
lens 9, and illuminates sample 15 directly through inner region 27 of segmented aperture 23. 
In sample 15, additional illuminating light beam 41 causes two-photon excitation of the 
sample, independently of the TIRF illumination with illuminating light beam 5. The two- 
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photon excitation of the sample produces additional detection light 53, which is detected by a 
non-descan detector 47 in the form of a CCD element 49. This additional detection light 53 
passes through the inner region of the objective lens and is reflected by third beam splitter 45 
to non-descan detector 47. In this scanning microscope, a different color-selective segmented 
aperture is inserted in the pupil of the objective lens. The outer edge region of said different 
color-selective segmented aperture is transparent to illuminating light beam 5 of light source 
1, while the inner region is designed to reflect this light. This ensures that no illuminating 
hght is directly incident on the sample. Beam splitters 7, 45 and 43 are designed such that 
neither the hght of illuminating light beam 5 nor the light of titanium-sapphire laser 39 can 
reach point detector 33 or non-descan detector 47. 

[0029] FIG. 4 shows another possible variant of the scanning microscope according to the 
present invention. In this case, light source 1 is composed of a titaniimi-sapphire laser 55 
emitting an illuminating hght beam 5, which is directed through outer edge region 25 of a 
color-selective segmented aperture to provide TIRF illumination. The evanescent wave 
illumination induces multiphoton excitation in sample 15. The resulting fluorescent Ught 
passes through the whole segmented aperture 23 and, via third beam splitter 45, to non-descan 
detector 47, which is in the form of a CCD element 49. Immediately after that, a three- 
dimensional image of the sample is obtained by confocally illuminating it with a light source 
37 composed of an argon ion laser 57, and by performing detection using a point detector 33 
in the form of a multi-band detector 36. 

[0030] The present invention has been explained with reference to a specific embodiment. 
However, it is apparent that changes and modifications can be made without exceeding the 
scope of the following claims. 
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